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ABSTRACT Although the aphelinid parasitoid E7'etmocertlo' erem.iclIs Rose & Zolnerowich is the
most abundant naturally occurring parasitoid of Bemisia argentijolii Bellows & PelTing in the U.S.
deselt southwest, its effectiveness in different cropping systems varies, Development and repro
duction of a population of this parasitoid attacking B. argentifolii infesting cotton, Gossypium
hirsutHH! L., and sweet potato, Iponwea. batatas L" were quantified and compared, Females <24 h
old contained an average of20 ova that averaged 0.072 mm in leng;th ane! 0.034 mm in width, Adult
females lived an average of 5.9 d on cotton and 4.1 d on sweet potato and laid a lifetime average of
22.9 eggs on cotton and 23.1 eggs on sweet potato; there were no signific.mt differcnces of these
parameters between host plant species. A preoviposition period of 0.61 d was recorded, ane! a
maximum number of egg;s laid in a day was 69 on cotton and 13 on sweet potato. The average
preimaginal developmental periods for males and females on either host plant were not significantly
different and averaged 22.58 d. The mean number of progeny produced on cotton was 25.4 with 51,5%
of these female, wherea~ the meaD number of progeny produced on sweet potato was 7,5 with 46,7%
of these female. Life table parameters showed the net reproductive rate (Rol was 11.64, the
generation time (Tel was 26,06 d, and the intrinsic rate of natural increase (I'm) was 0,0959 for
parasitoids on cotton, with a preimaginal survival assumed at unity. On sweet potato Ro was 3,75, Te
was 24.18 d, and I'm was 0.055 with preimaginal survival calculated at 0,3247. These profound
differences relate to, among other things, differences in female foraging and oviposition behavior on
host plants with different morphological features.
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TIlE WHITEFLY Bemisia al'gentijolii Bellows & Perring
(Bellows et al, 1994) was identified in California in the
fall of 1990 (PelTing et al. 1991). In response, research
was undertaken to evaluate the potential of natural
enemies to control this pest. Results from surveys for
natural enemies attacking B. argentifolii in the Impe
rial Valley of southern California showed that one of
the principal species of parasitic Hymenoptera attack
ing B. argentifolii was the recently described Emtmo
cents eremicus Rose & Zolnerowich (1997), Collection
records and descriptions of parasitism of Bemisia spp.
from around the world indicate differences in guild
stlUcture and parasitism intensity depending on the
species of host plant sampled (Gerling 1966, 1986,
1990: Azab et a1. 1969; Onillon 1990), Thus, develop
ment and reproduction of E. eremiclI.Y attacking B.
argentifolii infesting 2 different host plant species,
cotton, Gossypium hirsu.tmn L., and sweet potato, Ipo
moea batatm L., are quantified and compared.
A previous study on the effects of 2 different host
plant species, each infested with Bemisia tabaci (Gen
nadius), on the fitness of 2 populations of Eretmocerus
sp, was conducted by Powell and Bellows (1992). The
1
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2 populations examined in their study consisted of an
urrhenotokous population from southern California
and a thelytokous one from Hawaii, and showed sig
nificant differences in the preimaginal development
rate, survival, and fertility between host plant species.
The southern California population in their study was
collected from B. tabaci in the Coachella Valley and is
most likely what is currently described as E. eremic!ls
(Rose and Zolnerowich 1997). The current study is
the first to examine demographic and reproductive
parameters for E, eremictls attacking B. argentifolii,
Materials and Methods

Eretmocerus emmi.cll.Y colonies were initiated for this
study with individuals reared from samples of Lantana
camara L. infested with B, argentifolii. Collections
were made on 1 March 1993 at Riverview Cemetary,
Western Avenue, 3 km N of Highway 86, Brawley,
Imperial County, CA. Voucher specimens from the
parasitoid population used in this study have been
curated and are in the care of T.S,B,
Experiments were conducted in temperature-con
trolled rooms maintained at 28°C. Relative humidity
was 50 ± 1% and a photoperiod was 14:10 (L:D) h.
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Fig. l. (A) Intact ovary of E. eremicus at a magnification of250X. (B) Developmental stages of ova within the ovary of
a female <24 hold. (C) Detail of ova; note area of differential thickening of the chorion. (D) Paired spermathecae.

Host plants were either cotton (vaJiety Delta Pine 61)
or sweet potato. Host plant material and whitefly col
onies were maintained in separate greenhouses at the
Department of Entomology, University of California,
Riverside. All means are repOlted as mean:!: SE
Ova Counts. Ten newly emerged females «24 h
old) and 10 females between 24 and 36 h old were
frozen and then dissected in emersion oil with fine
needles on glass microscope slides to expose their
ovaries. Preparations were examined under phase
contrast with a blue filter. Descriptions of ova devel
opment and measurements were taken at 400X mag
nification.
Total Fertility-Longevity. A newly emerged fe
male, taken from the colony, was mated with males
from the same colony and isolated on fully expanded
host plant leaves bearing whitefly nymphs within ven
tilated plastic containers for 24 h (n = 16 for cotton,
11 = 16 for sweet potato). Host whitefly density was
=41 cm 2 and all nymphal instal'S were present in ap
proximately equal numbers. The following day, the
female was removed and placed onto a new leaf with
hosts. After each day the treatment leaves were ex
cised and each nymph was examined under a dissect
ing microscope for oviposition. This process was con
tinued until the females died. The number of eggs laid
per female per day and the nymphal instaJ: (1st, 2nd,
and so on) receiving eggs were recorded. The number
of days before oviposition was first observed was re

corded for each female, then averaged among all fe
males in the experiment to obtain an estimate for the
preoviposition. period.
Preimaginal Development. Mated females, taken
from the colony, were isolated on host plant leaves
bearing whitefly nymphs as described above, except
host whitefly density was ~201 cm 2 (n = 8 on cotton,
n = 7 on sweet potato). Female wasps were removed
after 24 h, and the plants were held at 28°C for sub
sequent emergence. All progeny were allowed to
emerge as adults and collected every 24 h by aspiration
into a glass vial. The date and sex of all emerged
progeny were recorded.
Total Progeny Production and Longevity. Newly
emerged and mated females were placed on leaves as
given above with host densities at lO-15/cm2 (n = 7
for cotton, n = 8 for sweet potato). Each female was
left undisturbed until death. The date of emergence
and sex of all progeny were recorded.
Demography. In each experiment for which prog
eny production was recorded, the sex ratio of the
progeny did not deviate from 1:1 when examined by
chi-squaJ·ed. Two series ofUfe tables were constructed
to examine population growth rates for this parasitoid;
for each series we constmcted life tables for each plant
separately. In the first series of lx-ln, life tables, we
combined the observed preimaginal developmental
period together with the adult longevity and daily
oviposition rates recorded in the Total Fertility exper
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iment to produce values for and rn x • These tables
included the 1:1 sex ratio (to yield values for female
offspring), and used unity as the preimaginal survival
rate. (For the case of sweet potato, we aIso con
structed a separate life table that incorporated the
estimated preimaginal survival of 0.3247, as discussed
in Results.)
For the 2nd series of life tables, we used the same
pr.eimaginal developmental period as in the 1st life
tables. In the 2nd series of life tables, we constructed
the Ix ancl lnx curves from the aclult longevity and
offspring emerging from the total progeny production
experiment. Oviposition in the total progeny produc
tion experiment was not segregated by daily age of the
parental female. To provide a proxy for age-specific
fertility, we assigned to the 1st d of a female's life the
total number of female progeny recorded on the 1st d
of emergence, and similarly assigned to the 2nd d of
aclult life the progeny emerging on the 2nd d, and so
on. This method may blur the precision of the daily
assignment of progeny production, because the stan
dard deviation of developmentaI times was =2.5 d.
1'he value of examining these alternate tables is in
providing comparisons with the more usually con
structed tables described above, as these 2nd tables
provide an independent measure of both adult lon
gevity and of progeny production and include, inher
ently, any preimaginalmortality. From each ' x- mx life
table, intrinsic rates ofincrease (1'n ,) , net reproductive
rates (Ro )' and generation times (Tc ) were calculated.
Results
Ova Counts. Dissected females were observed to
have paired ovaries without distinguishable ovarioles.
The ovaries of females <24 h old were observed with
mature ova, ova in the process of maturation, and ova
primordia (Fig. 1 A and B). Ova are obpytiform to
reniform in shape (Fig. lC) and are 0.072 ± 0.004 mm
(range, 0.065-0.083; n = 39) long and 0.034 ± 0.002
nun (range, 0.029-0.038; n = 39) wide at their max
imum dimensions. We observed that the chOlion of
mature ova was thicker relative to ova piimordia; fur
ther, the apparent basal portion of the ovum body
becomes distinctly thickened (Fig. 1 B and C). The
mean number of mature ova per female <24 h aIel was
20.0 ± 3.7 (mean ± SE) (range, 6-25, n = 19). The
ovaries of females <24 h old contained as few as 6
mature ova, and the ovmies of females between 24 and
36 h contained up to 33 mature ova, thus indicating
postemergence ovum development. Paired sper
mathecae were observed in dissected specimens (Fig.
lD).
Adult Longevity, Adult longevity was recorded as
part of both the total fetility and the total progeny
production experiments (Fig. 2A, Table 1) .Although
most females died by day 6, on both cotton and'sweet
potato a few females were longer lived, surviving up to
11 d (Fig. 2A). Mean adult female longevities for the
total fertility and total progeny production experi
ments combined were 5.9 d on cotton and 4.1 d on
sweet potato at 28°C. A Student t-test did not indicate
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Fig. 2. (A) Proportion offemales alive dming the fertility
experiment on cotton and sweet potato. (B) Daily ovip~si
tion by female wasps on cotton and sweet potato.
a significant difference (t = 1.97, df = 30, P = 0.058)
in adult female longevity between the 2 host plant
species.
Total Fertility, A preoviposition period of 0.61 ±
0.27 d (range, 0-3, n = 20) was recorded in the total
fertility experiment. Females laid an average of 22.9
eggs over their lifetime on cotton and 23.1 eggs over
their lifetime on sweet potato (Table 2); these means
were not significantly different (t == 0,2, df = 13, P =
0.845). Daily oviposition rates were initially moclerate
relative to the minimum and maximum number of eggs
laid per day on both plant species (Fig. 2B), and were'
less on the 2nd and 3rd d of adult life (oviposition
began on day 0). Oviposition rates then reached a
Table 1. Adult femnle longevity of a population of Eretmocerlls
eremicus attacking B. argentifolii on colton and sweet potato at
28°C

~xperirnent

Total Fertility experiment
Colton
Sweet potato
Pooled

E. erem;cu. adult female
longevity, d
Mean ± SE Range
11
5.4
4.1
4.7

1.4
0.9
0.8

1-11
2-lD
1-11

17

6.3
4.0
5.2

0.8
0.8
0.6

3-10
2-9
2-10

16
16
36

5.9
4.1
5.0

0.8
0.6
0.5

1-11
2-10
1-11

7

8
15

Total Progeny Production experiment

Cotton
Sweet potato
Pooled
Overall
Colton
Sweet potato
Pooled

9

8
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Tahl. 2. Adult female fertUity of a population of E. erem;ens
811ncldng n. arglll/.tifolii on colton and sweet potato

Table 3.

Pre-imaginal developmental period of a population of

E. ercmicils attacking B. argelltifnlii

b:

E. • r"micus adult female lifetime fertility (eggs)

Plant
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n

Mean ± SE
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4.2
5.6
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Fig. 3. (A) Lifetime fertility (number of eggs laid) by
female wasps on cotton and sweet potato (see text for re
gression). (B) Total progeny production and longevity of
female wasps on cotton and sweet potato. For cotton, !I =
2.172 + 3.675 (SE = 0.710) x; for sweet potato,!1 = -7.198 +
3.675 (SE = 0.710) x; for overall ANCQVA, F = 58.42; df =
3, 14; P

< 0.0001.

eremiells pre-imaginal developmental
period, cl
n

Mean ± SE

Ranp;e

'i''i'

36
.30
36
37
139

21.72 ± 0.35
23.17 ± O.GO
22.68 ± 0042
22.76 ± OAS
22.56 ± 0.23

16-27
16-30
20-30
19-32
16-32

'i''i'

00

maximum of =8 eggs per day on cotton and 13 eggs per
day on sweet potato on days 5 and 6, respectively.
Oviposition rates were less for the remaining female
on days 7-11 on sweet potato. Oviposition rates on
cotton on days 6 and 7 were less than the maximum,
but increased again until the death of the remaining 2
females on that host plant.
Total fertility (y) was significantly related to lon
gevity (x) in both species (Fig.3A) (y = 1.777 + 4.484
ISE= 1.0651 X; F = 34.79; df = 2, 13; P < 0.0001), with
longer-lived females laying more eggs. Analysis of co
variance (ANCOVA) did not indicate that the rela
tionship between age and lifetime fertility was differ
ent on the 2 host plants, and a model with a single slope
and single intercept was sufficient to describe the data
from both host plant species (F = 0.961, P = 0.655).

011 cotton and swecl}Jolafo

Sex

00
Temperature. 2S"C for both plants.
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Temperature. 28"C fa!' both plants.

Preimaginal Development. The shortest develop
mental period was 16 d for a male on cotton and the
longest was 32 d for a male on sweet potato (Table 3).
The average female preimaginal developmental pe
riod was 21.7 on cotton and 22.7 on sweet potato.
Average male preimaginal development period was
23.2 on cotton and 22.8 on sweet potato (Table 3). An
analysis of variance (ANOVA) did not indicate sig
nificant differences in the developmental rate for the
2 sexes among host plant species (F= 0.145, P = 0.933).
Total Progeny Production. The mean number of
offspring per female from the total progeny produc
tion experiment was 25.4 :±: 3.6 (range, 12-48, n = 9)
on cotton; 51.5% of these offspring were female. This
number of offspring was not significantly different
from the number of eggs recorded in the oviposition
experiment on this host plant (22.9 eggs per female;
Table 2); and from this result we inferred a high
preimaginal survival on this host plant for construction
of lx-lnx life tables, below. The greatest number of
progeny produced by a single female was 48 over a
period of 10 d (the longest oviposition period) on
cattaIl.
The mean number of progeny produced all sweet
potato was 7.50 :±: 3.8 (range, 1-33, n = 8); 46.7% of
these were female. This number was significantly
smaller than both the number of offspring produced
on cotton (t = 3.44, df = 15, P = 0.002) and the number
of eggs laid in the oviposition experiment on sweet
potato (t = 2.31, df = 14, P = 0.018). The ratio of the
number of offspring produced in this experiment to
the mean number ofeggs produced in the total feltility
experiment was 0.3247. We used this ratio as a measme
ofpreimaginal survival on this host plant in construct
ing the life tables.
The number of offspring produced was positively
related to female longevity on both plant species (Fig.
3B). ANCOVA indicated that the slope of the rela
tionship between longevity and progeny production
was the same on both plant species. The intercepts of
the 2 lines were significantly different (F = 6.90, P =
0.020), however; this difference reRects the relatively
lower progeny production on sweet potato. Mean
number of offspring on sweet potato was 9.36 fewer
progeny than on cotton in this experiment.
Results ofthe preimaginal development experiment
and the fertility experiments were combined to create
lx-lnx life tables for E. eremicus on the 2 host plants
(Table 4). Two sets of tables were prepared for each
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Table 4. Demog"al'hie Ix - " ' , ) life table. for adult female T. eremieus from total fm·tility and tolal progeny produetion experimellt'
011 tIle whitefly hOflt B. argentifolii on colton Bud sweet potato at 28°C

Total progeny production experiment

Total fertility experiment
Age,

Sweet potalo

Cotton

d

Proportion
alive, I:

I' offspringl
'i' , 01/

Proportion
alive, l/

Proportion
alive, 1/;

a
1
2

1.00
1.00
1.00

Preimaginal
Development

1.0
1.0
l.0

0,3247
0,3247
0,3247

22d
23
24
25
26
27
28
29
30
31
32
33

1.00d
0.71
0,7!
0,71
0.4.3
0,29
0,29
0,29
0,29
0,14
0,14
0.0

2:57d
0.90
0.70
2,20
4.67
l.75
2,25
3,00
4,75
2,50
4,50
0.0

Lad

0,3247d
0,3247
0,.3247
0,24
0.081
0.Q4!
0,041
0,041
0,041
0,041
0,0

t

La
1.0
0.7.5
0.25
0.13
0.13
0,13
0.13
0.13
0,0

I' Offspringl
~l

111-/

l.0
l.0
1.0

3.81 d
l.88
1.81
1.67
2.75
6..5
4.5
2,.5
2.0
1..5
0,0

Lad

1.0
0.78
0,78
0,56
0,56
0.33
0,22
0.11
0,0

2,78 d
3.67
1.71
1.29
1.80
2.20
3.3:3
2,00
5.00
0,0

l.0
1.0
1.0

Preimaginal
Development

l.od

0..50,1
1.00
0.71
0.40
3.00
3.00
2,00
2,00
0,0
0,0

LO
0,88
0,63
0.13
0.13
0.13
0,]3
0,0
0,0

t

Assumes unity pl'eiInugina\ survival.
Assumes a I:! sex ratio of progeny.
C Assnmes a preimaginal survival of 0,3247,
d Adult age 0,

Il

h

plant, one using the results from the total fertility
experiment (measuring female production as number
of eggs laid), and one using the results from the total
progeny production experiment (measming female
production as the number of progeny reaching the
imaginal stage), These tables were then used to cal
culate demographic parameters for each case; the val
ues of these parameters are shown in Table 5. The net
reproductive rate (Ro ) of E. eremicus from the total
fertility experiment with a preimaginal survival esti
mate of unity was nearly equal for the 2 host plants.
The generation times (Tc ) for E. eremicus on cotton
and sweet potato were 26.06 and 24,18, respectively,
The intlinsic rate of natural increase (r",) also was
nearly equal for cotton and sweet potato, The revised
preimaginal survival estimate of 0,3247 for sweet po
tato resulted in lower values for Ro and r m' Results
from the life tables developed from the total progeny
Table 5. Life lab!e parameters for a population of E. eremiclt,
aUaeking n. argemifolii on collon and ,weet pOlalo

Total fertility experiment (Tables 3. 4)
Cotton
Sweet potatad
Sweet potato'
Total progeny productioll experiment
(Table 5)
CottOll
Sweet potato
(/ Net reproductive rate.
b Generation time.
Intrinsic rate or natural increase.
d Assumes preimaginal survival at unity.

U

e

Assumes preimagiual survival of 0..3247.

Ro"

1~, d

fmC

11.64
11.56
3.75

26.06
24.18
24.18

0,09.59
0.1023
0,05.50

13.\l
3,63

24,58
24,66

0.1060
0.0525

"

production experiments gave values consistent with
those fertility experiments for E. eremiclIs on cotton
(reflecting the apparent high preimaginal survival on
this plant). Similarly, the parameter values derived
from the total fertility data on sweet potato were
consistent with those obtained using the revised (low
er) preimaginal survival estimated for that plant.

Discussion
Ovarian and ova morphology have not previously
been described for this species; however, Gerling
(1966) provided egg measurements for populations of
E. californicWi Howard from southern California and
what is likely now considered E. eremicus (Rose and
Zolnerowich 1997). Females, <24 h old, contained an
average of 20 ova, with females emerging with as few
as 6 ova and attaining >30 within the 1st 3 d of life. In
these observations, the largest number of eggs ovipos
ited was 69 by a single female on cotton.
Overall mean longevity for females at 28°C was 4.1 d
on sweet potato and 5.9 d on cotton (Table 1), These
mean longevities clid not differ between the 2 exper
iments in which longevities were recorded, The mean
longevity on cotton (5,9 d) was close to the mean
longevity (5.4 d) reported by Powell and Bellows
(1992) at 29°C for an Eretmocenls species, likely E.
eremicus, on B. tabaci (Gennadius) on cotton.
In these expetiments a preoviposition period of
0.61 ± 0.27 d (range, 0-3, n = 20) was recorded and
is consistent with that reported for other Eretmocerus
spp, (Gerling 1966, Powell and Bellows 1992), Females
laid a mean of 22,9 eggs on cotton and 23.1 eggs on
sweet potato over their lifetime (Table 2), These num
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bel's fall within the reported ranges of eggs laid by
other Eretmocerus spp. (Gerling 1966, Tawfik et a!.
1978, Sharaf and Batta 1985) and other aphelinids
(Viggiani 1984). There was no significant difference in
the mean number of eggs laid by females on the 2 plant
species among the expeliments conducted.
Preimaginal developmental periods were =22 d for
each sex on each plant species (Table 3). These were
similar to the developmental periods for each sex re
ported for Eretmocerlls sp. on B. tabaci (Powell and
Bellows 1992). Developmental times vary greatly with
temperature; however, all of the developmental pa
rameters measured in the current study, conducted at
28°C, were consistent with those reported in the lit
erature at similar temperature regimes (Powell and
Bellows 1992).
The number of progeny per female emerging as
adults was significantly different between the 2 host
plant species used. Mean progeny production on cot
ton (25.4 progeny per female ± 10.8) was within the
range reported by Powell and Bellows (1992), and was
very similar to the number of eggs laid per female in
our oviposition experiments, leading to the conclusion
that preimaginal survival of E. eremict/s was high on
cotton.
On sweet potato the number of adult progeny pro
duced per female (7.5 ± 10.6) was low relative to other
reports on other plant species (Powell and Bellows
1992), and also was substantially lower than the num
ber of eggs laid per female by E. eremict/s on sweet
potato in our experiments here. These differences lead
to the conclusion that preimaginal survival was sub
stantially lower on sweet potato. The cause of this
lower survival is not evident from our results. There
was no lack of opportunity for parental adaptation,
because the colony from which the parasitoids were
drawn was maintained on B. argentifolii on sweet po
tato. The surface biochemistry between the 2 plant
species used is certainly different, and because Eret
mocerus eggs are deposited on the plant surface, both
the egg and the 1st instm" parasitoidlarva are subject
to a microenvironment influenced directly by both the
host insectund its host plant. The cause of this pre
imaginal mortality on sweet potato, and the degree to
which (if any) the plant may have played a role in
limiting the survival of E. eremiClls, requires further
investigation.
The net reproductive rates (R o ) on cotton (11.6 and
13.1) were similm' to those reported by Powell and
Bellows (1992) for wasps attacking B. tabaci on cotton
(9,74), but were much lower than the value for re
production on cucumber, Cucumis sativus L., reported
by those authors (26.5) (see Table 5). The reproduc
tion rate on sweet potato in this study was markedly
lower (3.75), but much of this was the result of the low
preimaginal survival surmised from the progeny pro
duction experiment. If the reproductive rate is calcu
lated using 1.0 as the survival rate for the preimaginal
stages, Ro is 11,56, comparable to the values reported
on cotton. The generation times (7.',,) were similar
between plant species, and similar to (but slightly
longer than) the values reported on cotton and cu

E. eremict/s
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cumber at similar temperatures (Powell and Bellows
1992). Values for I"m in this study from cotton were
similar to those reported by Powell and Bellows
(1992) on cotton; the value from sweet potato was
lower than these values because of the substantially
lower preimaginal survival on that plant.
The most striking point regarding the demography
ofthis species discovered in these experiments was the
profound difference in reproduction on the 2 host
plants. Further, although our results on cotton were
similar to those reported earlier for a similar pm'asi
toid- host system (Powell and Bellows 1992), those
authors report a reproductive rate on cucumber >2.5
times greater than on cotton. Consequently, we have
a system in which the reproductive rate of a natural
enemy can vary over nearly an entire order of mag
nitude (from 3.75 on sweet potato, to 9.49 and 11.64 on
cotton, to 26.49 on cucumber) on 3 different host
plants. In each case, the host plants are suitable for
development of the host.
The reasons for these reproductive differences most
likely relate to host plant leafmorphology or chemical
features ofthe plant or plant- host interactions. As was
shown in behavioral studies by Headrick et a!. (1996)
in the case of cucurbits, hirsute leaves provide a sub
strate on which E. eremict/s females can oviposit
readily under the host whitefly because the leaf hairs
elevate the margins of the nymphal whitefly body,
making access for oviposition by the parasitoid sim
pler, and thus more eggs were laid. Glabrous leaves,
such as sweet potato, require substantially more time
in oviposition because of the difficulty for the wasp to
insert the ovipositor between the nymph and leaf
surface, thus fewer oviposition efforts result in egg
deposition (Headrick et a!. 1995). However, females
are more likely to remain and sem"ch on glabrous
leaves (Headrick et al. 1995, 1996).
Thus, from the behavioral studies (Headrick et aI.
1995, 1996) we have gained new insights into inter
preting demographic data relative to a parasitoicl's
fertility and preimaginal survival. For example, Powell
and Bellows (1992) showed a high reproductive rate
on a plant whose leaves moe completely invested with
hairs and trichomes, amI we can now relate this high
rate to the mechanical ease of egg deposition by E.
eremicus on such plants. These studies taken together
indicate the significant challenges that arise in at
tempting to relate isolated biological evaluations, such
as behavior or demography, to the potential effective
ness of a parasitoid in a natural setting.

Aclmowledgments
We thank C. Meisenbacher, B. Orr, and C. Farrar (Uni
versity of California, Riverside) for technical support and
colony maintenance. This research was supported in part
by UClintegrated pest management (lPM) Grant No.
93BC021.

306

ENvrnONMENTAL ENTOMOLOGY

References Cited
Azab, A. K., M. M. Megahed, and H. D. EI-Mirsawi. 1969. .
Parasitism of Bemisia tahaci (Gelm.) in UAR. Bull. Soc.
Entomo!. Egypte ,53: 439-441.
Bellows Jr., T. S" T. M. Perring,R.j. Gill, anclD. H. Headrick
Hl94, Description of a species of Bemisia (Homoptera:
AleyroeIieIae). Ann. Entomo\. Soc. Am. 87: ] 95-206.
Gerling, D. 191i6. Studies with whitefly parasites of south
ern Califomia. II. El'etlllocerus ClIliforl/iclIS Howard
(Hym.: AphelinieIae). Can. Entomo!. 98: 1316-1:329.
1986. Natural enemies of Belllisill tahaci and its parasitoids
in Israel. Phytoparasitica 12: 109-119.
1990. Natuml enemies of whiteflies: predators anel parasi
toiels. pp. 147-185. Til D, Gerling led.], Whiteflies: their
bionomics, pest status and management. Intercept, An
dover, UK.
Headrick, D. H., T. S. Bellows, and T. M. Perring. 1995.
Behaviors of female Eretrlwcerus eremiclIs. (Hymenop
tera: Aphelinidae) attacking Belliisill argeatifolii (Ho
O1optera: Aleyrodidae) on sweet potato. Environ. Ento
mo\. 24: 4]2-422.
Hcndrick, D. H., T. S. Bellows, and T. M. PelTing. 1996.
Behaviors of female Eretmocerlls erernicus (Hymenop
tera: Aphelinidae) attacking Bemisia argent!fo!ii (Ho
moptera: Aleyrodidae) on cotton, GDssypi1llnhirsutum L.,
anel melon, Gucmais melo L. Bio!. Control 6: 64-75.
Ollillon, J, C. 1990. The use of mltural enemies for the bi
ological control of whiteflies, pp. 287-314. III D. Gerling
[ed.], Whiteflies: theirbionomics, pest status and man
agement. Intercept, Andover, UK.
Pcrring, T. M., A. D.. Cooper, D. J. Kazmer, C. Shields, and
. J. Shields. 1991. New strain of sweetpotato whiteHy in
vades California vegetables. Calif. Agric. 45: 10 -12.

Vol. 28, no. 2

Powell, D. A., and T, S. Bellows. 1992. Development and
reproduction of two populations of Eretmoccl'lIs species
(Hymenoptera: Aphelinidae) on Bmnisia tabaci (Ho
moptera: Aleyrodidae). Environ. Entornol. 21: 651-658.
Rose, M. and G. Zolnel'Owich. 1997. Eretmocems Haldeman
(Hymenoptera: Aphelinidae) in the United States, with
descriptions of new species attacking Bemisia (tllbacl
complex) (Homoptera: Aleyrodidae). Froc. Entomol.
Soc. Wash. 99: ]-27.
Sharaf, N. S., and Y. Batta. 1985. Effect ofsome factors on the
relationship between the whitefly Bemisia tabaci Genn.
(Hollloptera: Aleyrodidae) and the parasitoid Eretmo
cerus 11lundllS Mercet (Hymenoptera: Aphelinidae). Z.
Angew. Entomo\. 99: 267-276.
Tawfik, M.F.S., K. T. Awadallah, H. Hafez, and A. A. Sm'han,
]978-1979. Biology of the aphelinid parasiloid Eretmo
cen./s //lImdus (Mercet). Bull. Soc. Entomo\. Egypte. 62:
33-40.

Vet, L.E.M" and j. van Lenteren, 1981. The parasite-host
relationship between Encarsia fonnDsa Gahan (Hyme
noptera: AphelinieIae) and Trialeurocles vaporariorwn
(Westw.) (Homoptera: Aleyroclidae). X. A comparison of
three Encarsia spp. and one Eretmocerus sp. to estimate
their potentialities in controlling whitefly on tomatoes in
greenhouses with a low temperature regime. Z. Angew.
Entomol. 91: 327-348.
Viggiani, G. 1984. Bionomics of the Apheliniclae. Annu. Rev.
Entomol. 29: 257-276.

Received for publication 30 April 1997; accepted 20 Octoher
1998.

